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(54) A method for examining pulmonary mechanics and a breathing apparatus system 



(57) A method is disclosed for examining the pulmo- 
nary mechanics of a respiratory system. In order to ob- 
tain Information on the mechanical properties of the res- 
piratory system's lungs, the method is devised to en- 
compass steps, during an expiration, entailing at least 
modulation of a flow of gas (42A) streaming out of the 



respiratory system, determining the volume of gas 
streaming out of the respiratory system In relation to 
time, detamninlng the variation in pressure in the respi- 
ratory system In relation to time and detemrilning an ex- 
piratory pressure-volume relationship from the volume/ 
time relationship and pressure/time relationship. 
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Description 



[0001 1 The present Invention relates to a method tor 
examining the pulmonary mechanics of a respiratory 
system. 

[00021 The present invention also relates to a breath- 
ing apparatus system according to the preamble to 
claims. 

[0003] A ventilator is an apparatus for ventilating or 
supporting spontaneous ventilation of the lungs of a hu- 
man being or an animal, hereafter refen^ed to as the 'pa- 
tienr. The procedure generally employed for tailoring a 
ventilator's operation to physiological conditions prevail- 
ing In the patient is for the responsible care-provider to 
procure as much Infomnation as possible about the pa- 
tient, Information about the respiratory organs In partic- 
ular. This type of information can often be obtained when 
the ventilator is equipped with sensors for ainway pres- 
sure, flow or volume delivered to or removed from the 
respiratory organs. However, measurement systems of- 
ten consist of one or a plurality of devices independent 
of the ventilator. The measurement systems can be 
linked to systems for analysing pulmonary function. 
Thus, measurement signals for pressure, volume and 
flow can be deployed so as to yield infomiatlon on the 
elasticity of the respiratory organs, below refen^ed to as 
compliance, or on resistance to flow in the airways. Ven- 
tilators can contain and/or be connected to computers 
that read the signals from sensors and analyse them. 
Computers or electronic cinsults incorporated in the res- 
pirator, hereafter referred to as 'the computer', act on 
the ventilator's functional modes and cause the ventila- 
tor to perform test breaths yielding Increased infomria- 
tlon on pulmonary function. Test breaths of this Icind can 
mean that the computer controls both inspiration and ex- 
piration in obtaining the desired physiological infomna- 
tion. 

[0004] One example of such control is disclosed m the 
Swedish patent no. 506521 . It describes control in which 
expiration is affected In such a way that its duration is 
prolonged, and a constant target alnway pressure Is 
maintained. This expiration Is followed by an inspiration 
during which the flow is modulated, e.g. with a sinusoidal 
wavefonn. The variation In flow during inspiration leads 
to corresponding variations in airway pressure. The re- 
lationship between variations in pressure and flow re- 
flects resistance in the respiratory system. This resist- 
ance can be calculated. At the same time, the respira- 
tory system's elastic rebound pressure can be calculat- 
ed In relation to the insufflated volume. This accordingly 
yields the respiratory system's elastic pressureA^olume 
curve, I.e. the Pel/V curve. The Pe\/sf curve is believed 
to supply information on the positive end-expiratory 
pressure (PEEP) required to keep open the lungs of a 
patient with acute respiratory distress syndrome (AR- 
DS). However, this has been questioned, since the mor- 
phology of the Pel/V curve is Influenced by complex 
phenomena and therefor hard to Interpret. Multipl Pe- 



\^ cun/es recorded at different levels of PEEP can sup- 
ply more detailed Infomiatlon, but recording these 
curves is difficult and time-consuming. 
[0005] Forsom tim . it has been known that the re- 
5 cording of both inspiratory and expiratory pressure-vol- 
ume curves. thejTsby yielding a pressure-volume loop, 
supplies infomnatfon on the forces required to open a 
collapsed lung. A big difference between the Inspiratory 
curve and the expiratory curve gives the loop a large 
10 area ref en-ed to as large hysteresis. The greaterthe hys- 
teresis, the greater the tendency of the lung to collapse 
and resist re-expanslon. so-called recruitmenti This 
means that Internal forces in the lung are particularly 
strong during recmitment, and this poses a great risk of 
IS respirator-induced lung damage (RILS). 

[0006] Elastic pressure-volume curves for inspiration 
and expiration, together with the said Pe\N loops, were 
previously recorded during respirator treatment with the 
aid of a 'jumbo' syringe. This has been disclosed in e.g. 
20 US-4 844 085. Recording takes a long time. This means 
that gas exchange in the fonn of gas uptake leads to 
artifacts, making accurate detemiinatlon of hysteresis 
impossible. 

[0007] Pe\N loops can also be detenmlned with the 
25 flow occlusion method. This detennlnatlon takes several 
minutes during which the patient's condition can 
change, thereby making accurate detemnlnation of hys- 
teresis impossible in clinical settings. No methods are 
available for acjcurate. automatic measurement of pres- 
30 sure-volume loops in clinical practice. 

[0008] One objective of the present invention is to 
achieve a method for examining pulmonary mechanics 
that solves at least some of the aforementioned prob- 
lems with the known methods. 
35 [0009] Another objective of the present invention Is to 
achieve a respiratory apparatus system for use In the 
examination of pulmonary mechanics and in the treat- 
ment of respiratory systems (in Man and animals). The 
system must be easy to use In examinations of pulmo- 
40 nary mechanics in clinical settings without affecting on- 
going treatment of the respiratory system. 
[00101 Yet another objective of the present invention 
is to achieve a breathing apparatus system for automat- 
te regulation of respiratory parameters on the basis of 
45 the respiratory system's mechanical condition. 

[0011] Amethod that meets this objective is achieved 
according to the invention with the method steps stated 
in the characterising part of claim 1 . 
[0012] Advantageous enrtbodiments of the method 
50 according to the invention are evident from the subordi- 
nate claims of claim 1. 

[00131 The elastic properties of the respiratory system 
can be established In a simplerf ashlon during expiration 
by modulating the flow of gas streaming out of the res- 
55 plratoiy syst m. Volume and pressure are det nmin d 
inr latlontotim during expiration and can th nbeus d 
for determining an expiratory pressure-volume relation- 
ship. The relationship obtained refers advantageously 
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to the elastic part of the ratio, i.e. the resistive compo- 
nents have been subtracted. 

[0014] Modulation can be sinusoidal, triangular, quad- 
ratic or have some other regular shape. Declining or in- 
creasing modulation with a regular basic fonn or even 
completely irregular modulation can be used. Pressure 
can be measured inside the respiratory system, e.g. In 
the ainivays, or at some other location in the path of gas 
from the respiratory system. When pressure is not 
measured in the respiratory system itself, the corre- 
sponding pressure can be calculated from the meas- 
ured pressure by compensating for the pressure drop in 
the system of tubing etc. Measuring the flow and inte- 
grating it determine the volume most easily. However, 
other ways of determining volume are possible. 
[0015] The expiratory pressure-volume relationship 
(which can be represented by a curve in a system of co- 
ordinates), can be detemnined in the con^esponding 
manner by modulating flow during Inspiration. Compar- 
ison supplies a measure of hysteresis. Hysteresis can 
then be used for evaluations in the l<nown manner. 
[001 6] Repeating the method for a plurality of breaths 
would be advantageous. A number of normal breaths 
should then be allowed between these test breaths. Es- 
pecially when the pressure-volume relationship for in- 
spiration is established after a preceding expiration with 
a prolonged duration. 

[0017] A breathing apparatus system that meets the 
objective is achieved according to the Invention when 
the breathing apparatus system is devised as is evident 
from the characterising part of dalm 8. 
[0018] Advantageous refinements and embodlrnents 
are evident from the subordinate claims of claim 8. 
[0019] in principle, the control unit In the breathing ap- 
paratus system Is devised to permit control of test 
breaths according to the described method. 
[0020] The control unit can also be devised to perform 
automatic changes in certain parameters on the basis 
of results obtained for hysteresis. PEEP, tidal volume 
and frequency In particular can be parameters for auto- 
matic control. 

[0021] The method and the breathing apparatus sys- 
tem according to the invention wHI be described below 
In greater detail, referring to the figures. 

FIG. 1 is a schematic overview of a breathing ap- 
paratus system according to the invention, 
FIG. 2 is a diagram Illustrating the modulation of 
flow during inspiration and expiration, 
FIG. 3 Is a diagram illustrating inspiratory and ex- 
piratory pressure-volume relationships, and 
FIG. 4 illustrates one possible evaluation of hyster- 
esis from the diagram in FIG. 3. 

[0022] FIG. 1 shows a breathing apparatus system 2 
connected to a patient 4. The system is only schemati- 
cally depicted, since the configuration options available 
with modem technology are virtually unlimited. 



[0023] The system 2 comprises a pn umatic unit 6. 
Th pneumatic unit 6 contains the compon nts n ces- 
sary for regulating the flow and pressure of a breathing 
gas delivered to or removed from the patient 4. Thus, 
5 the pneumatic unit 6 comprises an inspiratory section 8 
and an expiratory section 10. The Inspiratory section 8 
can consist of valves for regulating a number of pressu- 
rised gases connected by gas connectors 12A, 12B. Al- 
ternately, the inspiratory section can consist of a pres- 
sure/f low-generating component such as a compressor, 
pump, fan etc. The expiratory section 10 can consist of 
a vaive. 

[0024] The system 2 also comprises a system of tub- 
ing for canrying gas to and from the patient 4. The system 
of tubing usually comprises an inspiratory tube 1 4, a pa- 
tient connector 1 6 (e.g. a facemasic or a tracheal tube) 
and an expiratory tube 1 8. 

[0025] A system of measurement sensors is em- 
ployed for measuring the flow and pressure of breathing 
gas. The system can consist of one or a plurality of flow 
meters 22A-E and one or a plurality of pressure meters 
24A-F. For exarnple, one flow meter 22A can be ar- 
ranged in the inspiratory section 8, one flow meter 22B 
In the Inspiratory tube 1 4, one flow meter 22C In the pa- 
tient connector 1 6, one flow meter 22D in the expiratory 
tube 1 8 and one flow meter 22E In the expiratory section 
10. Only one of the first three flow meters 22A-22C is 
necessary for detemiining inspiratory flows and vol- 
umes, and only one of the last flow meters 22C'22E is 
necessary for detemilning expiratory flows and vol- 
umes. Thus, a single flow meter 22C In the patient con- 
nector 16 can'be used for determining both inspiratory 
and expiratory flows. 

[0026] In the corresponding manner, one pressure 
meter 24A can be arranged in the inspiratory section 8, 
one pressure meter 24B in the Inspiratory tube 1 4, one 
pressure meter 24C in the patient connector 1 6, one 
pressure meter 240 in the patient 4, one pressure meter 
24E in the expiratory tube 18 and one pressure meter 
24F in the expiratory section 10. In principle, a single 
pressure meter (any of 24A-24F) can be used for deter- 
mining the pressure in all parts of the system 2 and the 
patient's 4 respiratory system. Compensation for the 
drop in pressure caused by resistances etc. would then 
be necessary. 

[0027] A control unit 26 controls the pneumatic unit 6 
by transmission (wired or wireless) of a signal 28. The 
control unit 26 can receive measurement signals from 
the measurement sensor system via a signal input 30 
(wired or wireless). The control unit 26 contains hard- 
ware and software for perfomiing the functions It Is to 
control and monitor it also contains the hardware and 
software required for performing calculations according 
to the method taught in the invention. 
[0028] Th control unit 26 is able to communicate with 
a user Interface 32 by transmission (wired or wireless) 
of a signal 24. The user Interface 32 suitably comprises 
a screen or display 36 and an input section 38. The die- 
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play 36 can also contain input facilities employing touch 

[OO29T Ali the stipulated parts can be integrated into 
a single apparatus or functionally distributed anriong dif- 
ferent apparatuses. Thus, the latter option could wean 
that e.g. the Inspiratory section 8 and part of the control 
functions in the control unit 26 are physically located m 
one apparatus (e.g. the ventilator), whereas e.g. the cal- 
culation functions In the control unit 26 are physically 
located in another apparatus (e.g. a PC). 
[0030] Figures 2, 3 and 4 are diagrams of curves re- 
corded in experiments in which the method according 
to the Invention was applied. The set-up is identical in 
certain respects with a set-up taught in detail m the 
aforementioned Swedish patent no. 506621. The de- 
scription below therefore simultaneously refers to ail 
three figures. 

[0031] An electrically controlled ventilator, such as the 
Sen/0 Ventilator 900C (Siemens-Elema, Solna. Swe- 
den) is used with an electronic units referred to as a 
Ventilator/Computer Interface (VCI) and a personal 

computer. , 
[0032] When the computer sends an analogue signal 
through the VCI to one of the ventilator's control Inputs, 
the computer assumes control of the function in ques- 
tion. It takes control of the value for the function set on 
the ventilator's control panel. 

[0033] The computer has a transistor/transistor-logic 
output signal that passes the VCI andis sent to the ven- 
tilator's Input for external control (Sl^ve Start Insp). A 
signalsent through this linetriggerstheventilatortostart 

a new Inspiration, regardless of which respiratory phase 
Is In progress at the time the signal is sent. 
[0034] The VCI includes aplurality of functions intend- 
ed to prevent unintentional computer control of the ven- 
tilator Thus, the VCI discovers the regular change be- 
tween the ventilator's inspiratory and expiratory phases. 
If the changes do not occur at predetemnined intervals, 
corresponding to a slowest breathing rate, a signal is 
emitted that terminates the signals, sent via the VCI, for 
computer control of the ventilator. Two relays connected 
in series are used to guarantee safety. 
[0035] During measurement of mechanics, the appa- 
ratus, comprising the ventilator, VCI and computer, op- 
erates with the computer's software according to the fol- 
lowing. As soon as equipment Is activated, the signals 
for flow and pressure are continuously displayed on the 
computer screen after anaiogue-to-digital conversion at 
a frequency of 50 Hz. The patient's identity is specified 
In a first step In a computer/operator dialogue. The type 
of tube connector used between the patient and venti- 
lator, Including a tracheal tube and a humidifying filter, 
is specified for the purpose of facilitating conrection of 
th resistive pressure drop across the system. 
[0036] Th plannedstudy is then defined. The venti- 
lator, according to known methods, can perform both 
volume-controlled and pressure-controlled ventilation. 
After th desired v ntilator settings hav b en made, 



the computer therefore Issues special queries as to 
whether ventilation is to be pressure-controlled or vol- 
ume controlled, th? duration of Inspiration and the pause 
as a perc ntage of the breathing cyde. 
5 [00371 Asequence is then defined that constitutes the 
measurement process (FIG. 2) consisting of one nomnal 
breath. Thefigurelndlcatestheflow Fin the upper graph 
with inspiration 40A, expiration 42A and pressure P In 
the lower graph along with the inspiration 40B and ex- 

10 piration 42B. 

[0038] Adialoguebetweenthe user and the computer 
in which the measurement process Is defined precedes 
measurement of pressure-volume loops. Thus, the user 
selects the sequence during which pressure-volume 
IS loops are to be measured. After a dialogue, a given 
measurementprocess can be saved for use as a default 
in subsequent measurement of the same or other pa- 
tients. A measurement process stored as a default can 
be modified In one or more respects before subsequent 
20 measurements. Definition of a measurement process 
comprises the number of loops to be studied as well as 
start and stop values for the pressures each individual 
loop is to encompass. Stop values can alternately com- 
prise the volume the inspiratory limbs of a loop are to 
25 cover. This volume can.be stated in ml or as the prevail- 
ing tidal volume Vt The duration of the expiration pre- 
ceding each loop Is also determined. The fonm of mod- 
ulation of Inspiration and expiration respectively Is also 
detemilned. According to one preferred embodiment. 
30 inspiratory and expiratory flows are subjected to sinu- 
soidal modulation. According to another embodiment, 
modulation Is In the fonm of triangle waves with a con- 
stant Increase and decrease rate for flow In each wave. 
[0039] Other waveforms may be preferable for tech- 
35 nical reasons. In order to characterise flow modulation, 
wave cycle duration or wave depth, which according to 
ttie preferred embodiment can be set by the operator at 
values from zero flow to twice the mean flow during a 
normal inspiration, are set. Pre-selected times for Imple- 
40 mentation of the measurement process, or only after an 
operator's manual command, are also specified In the 
dialogue. 

[0040] Following the dialogue In which the measure- 
ment process Is defined, the computer displays the 
45 process according to the following example and asks 
whether the answers are connect If the operator replies 
'no', the foflowlng connections can be made: 



Example: 

50 ''i^ 
[0041] 



Step: -5 



No. of loops: 5 

Starting values for pressure: = 20, 
cmH20 

No. of normal breaths between each loop: 6 

Duration of preceding expiration: 6 s 

End values for pressure, not selected, safety level: 
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S0cmH20 

Volume rang for loops: 1400 mi 
Insufflation duration: 6 s 
Exsufflation duration: 6 s 

Sinusoidal modulation: 1.66 Hz Modulation deptii: 
100% 

Time for measurement: At a manual command 
Is the above correct, Yes/no? Yes 

[0042] Answers entered by the operator during the di- 
alogue In the above example are in Italics. 
[0043] The measurement sequence starts, at a pre- 
selected time or after a manual command. According to 
the above dialogue, the sequence comprises five loops, 
the first of which starting at a pressure of 20 cmH20 and 
subsequent loops at successively lower pressures. 
[0044] The measurement sequence starts when the 
computer sends analogue signals to the respirator for 
control of the respirator's rate and end-expiratory pres- 
sure (PEEP). The signals controlling frequency and 
PEEP have the levels required for subsequent insuffla- 
tion of gas to have the duration and starting value for 
pressure selected by the operator according to the 
above. Insufflation, subjected to sinusoidal modulation, 
then starts. During this operation, the computer sends 
an analogue signal to the respirator for controlling the 
frequency in such a way that insufflation has the dura- 
tion selected by the operator. The computer calculates 
the mean flow during insufflation in such a way that the 
volume range and the end value for pressure respec- 
tively are achieved during insufflation. The control of 
flow Is according to principles that differ for volume-con- 
trolled and pressure-controlied-ventiiation respectively. 
[0045] In volume-controlled ventilation (FIG. 2), the 
respirator primarily controls flow 'during Inspiration. The 
computer emits an analogue signal corresponding to the 
flow desired at every Instant during insufflation. This flow 
is Initlaily zero and increases sinusoidaity up to a peak 
calculated by the computer from the range set for the 
volume of the loops, the duration of Insufflation and the 
depth of modulation. The respirator ensures, through its 
built-in system for negative feedback, that flow during 
insufflation closely follows the intended sinusoldally 
modified flow. 

[0046] In pressure-controlled ventilation, the respira- 
tor primarily controls pressure In the airways during In- 
sufflation. The computer calculates the way in whiich 
pressure Is to be regulated In order to control the flow 
80 that It closely tallies with the desired sinusoidal flow. 
By analysing the preceding breath or a preceding sinu- 
soidal Insufflation, the computer calculates resistance 
in the patient's respiratory system during inspiration, Rl, 
and a value for compliance. This can be done In a plu- 
rality of known ways, insufflation begins while the com- 
puter sends an analogue signal to the respirator r gu- 
lating inspiratory pressure, PI. A low-voltage signal is 
first emitted. The flow measured by the Inspiratory flow 
sensor Is subjected to analogue/digital conversion In the 



computer and compared to the intended flow at every 
instant. The difference constitutes an error signal. Ffel. 
In the next step, the computer calculates the error In in- 
spiratory pressure, Pfel, causing the error In flow, Ffel. 

Pfel = - Ffel • Rl 

[0047] The signal controlling inspiratory pressure is 
corrected by a value corresponding to Pfel. The calcu- 
lated value for Pfel is traditionally entered into a digital 
system for PID-type negative feedback as programmed 
into the computer controlling ventilation. The signal f d 
Into the ventilator in order to control Inspiratory pressure 
is corrected by a value corresponding to the output sig- 
nal from the Inspiratory PID system. Since inspiratory 
pressure in the respirator is expected to rise over time 
in proportion to flow and in inverse proportion to compli- 
ance, the integrative component In the PID system Is 
assigned a starting value proportional to flow divided by 
compliance. The degree of amplification in the PID sys- 
tem is selected so it produces optimal damping In onjer 
to prevent self-oscillation while simultaneously provid- 
ing the fastest and most correct control of PI possible 
and, accordingly, of flow during Insufflation. Insufflation 
with sinusoidal flow continues until one of the values for 
duration, volume range, selected end pressure or safety 
limit Is reached. 



[0048] The elastic rebound pressure, Pel, built up in 
the lungs and thorax during the preceding insufflation 

35 from the respirator provides the driving foroe during ex- 
piration and declines at every moment during expiration 
as a result of the ongoing decline in volume. The flow 
rate during flow-modulated expiration depends on re- 
sistance in the patient* s respiratory system, in addition 

40 to Pel, and the pressure In the respirator's expiratory cir- 
cuit. PE. Regulation of the latter pressure enables the 
computer/respirator to achieve the intended flow mod- 
ulation during expiration according to the dialogue be- 
tween the operator and the computer. The resistanc to 

4S flow in the patient's respiratory system is estimated dur- 
ing expiration, RE, by analysis of breaths preceding 
flow-modulated expiration or of previous flow-modulat- 
ed expiration. The expiratory flow is read during theflow- 
modulated expiration using the computer's analogue- 

50 digital converter. The measured value Is compared to 
the reference value corresponding to the intended value 
for modulated flow at the same instant The difference 
constitutes an error value for flow. Ffel. Ffel is used In 
calculating the magnitud of the error In pressure In the 

55 respirator's expiratory cirouit in order to restore flow to 
th reference value, Pfel. The aforementioned estimat- 
ed value for RE Is used for this purpose, ft expiratory 
flow is gr ater than the reference value, Ffel Is positiv 
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30 Flow-modulated expltation follows flow-modulated 
insufflation. 
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because PE is too low. Pfel Is then negative and should 
be Increased by {-Rpat • Ff el). 

Pfel = - RE • Ffel 



[00491 The calculated value for Pfel Is entered in the 
traditional manner Into a digital system for PiD-type neg- 
ative feedbacic that is programmed into the computer 
controlling ventilation. The signal entered Into the com- 
puter in order to control PEEP is corrected by a value 
corresponding to the output signal from the PID system. 
The system's degree of amplification is selected so it 
produces optimal damping in order to prevent self-os- 
cillation while simultaneously pemiitting the fastest and 
most correct control of PE possible and, accordingly, of 
expiratory flow. 

[0050] After the first pressure-volume loop recorded, 
the respirator Institutes the number of breaths selected 
between consecutive pressure-volume loops. The se- 
lected number of pressure-volume loops is then per- 
formed in the same way as above with the starting val- 
ues selertedfor PEEP. FIG. 2 shows an example of flow 
and pressure signals recorded during the final loop after 
a dialogue that followed the above example. As previ- 
ously noted, the loop Is preceded by a prolonged expi- 
ration 50A. 508. 

[00511 The data are automatically analysed after an 
the loops have been recorded (FIG. 3). All the data for 
flow and pressure, from one or more recorded pressure- 
volume loop(s), are used In the calculation phase. Ac- 
cording to the prefen-ed embodiment, the parameters 
describing the respiratory system's resistive and elastic 
properties are estimated in a process based on an iter- 
athfe numerical technique. According to an alternate 
embodiment, the calculation Is perfomned according to 
other known analytical methods especially suitable for 
measurement in smaller pressure or volume ranges in 
which non-linearity can be described with fomnulas for 
analytical estimation of parameters. 
[00521 According to the preferred embodiment, pres- 
sure in the trachea, Ptr, is calculated by subtracting the 
pressure drop across the system of tubing from pres- 
sure measured in the ainways. The pressure gradient is 
calculated according to known principles utilising Rohr- 
er-s equation. This equation describes the pressure gra- 
dient In a system with turbulent flow. Ptr overcomes the 
respiratory system's resistive and elastic impedance. 
The flow In the patient's airways, FIv, is calculated by 
subtracting the flow corresponding to the compression 
of air in the tubing and tube stretching during Inspiration 
and the reverse during expiration. The values for Ptr and 
Flv recorded during each Insufflation with the subse- 
quent xpiratlon are analysed in order t" detennine pa- 
rameters goveming r sistanco and equations descnb- 
ing the way in which Pel varies during each inspiration 
and expiration. They jointly describe the recorded pres- 
sure-volume loops. The results are graphically illustrat- 



ed according to the FIG. PelA/ loops. FIG. 3 shows an 
example representing a case with adult respiratory dis- 
tress syndrome (ARDS). Loops were recorded accord- 
ing to the aforementioned dialogue from 20. 1 5. 1 0. 5 to 
5 zero cm H20. The expiratory pressure-volume relation- 
ships 52 for the different loops coincide almost exactly, 
making it impossible to separate them In the FIG. The 
inspiratory pressure-volume relationships differ Increas- 
ingly from each other, so the loops become Increasingly 
10 wider as PEEP declines. A first pressure-volume rela- 
tionship 54A can be distinguished in the figure for 20 cm 
H20 for PEEP, a second pressure-volume relationship 
54B for 15 cm H20 fonPEEP. a third pressure-volume 
relationship 54C for 10 cm H20 for PEEP, afourth pres- 
15 8ure-volume relationship 54D for 5 cm H20 for PEEP 
and a fifth pressure-volume relationship 54E for 0 cm 
H20 for PEEP. The Increase In the width of the loops. I. 
e. the Increasing hysteresis, constitutes the most impor- 
tant infomiatlon obtained according to the Invention. In 
20 one preferred embodiment, the infomiation is further 
processed by measurement of the width of the volume 
phase of each loop throughout its entire range along the 
X-axis, this axis representing elastic pressure. The re- 
sult is graphically Illustrated In the example In FIG. 4. 
25 The FIG. clearty shows a first width curve 56A con^ 
spending to the width at 20 cm H20 for PEEP, a second 
width curve 56B con^esponding to the width of 15 cm 
H20 for PEEP, a third width cun/e 56C conresponding 
to the width at 1 0 cm H20 for PEEP, a fourth width curve 
30 56D corresponding to 5 cm H20 for PEEP and a fifth 
width cun^e 56E corresponding to the width at 0 cm H20 

for PEEP. ^ ^ , 

[00531 The operator interprets the results as shown In 
the example. Increasing hysteresis when the loop rep- 
35 resenting a breath begins at a low value for PEEP re- 
flects Increasing collapse and re-expanslon of the lung 
during each breath. This leads to lung damage. There 
is always some hysteresis for other reasons, such as 
the viscoelastic properties of the respiratory organs. If 
40 the operator finds that hysteresis of 1 00 mi Is acceptable 
but not 150 ml. sheAie can select a value for PEEP of 
15 cm H20 according to the example. 
[00541 The above remarics on sinusoidal modulation 
of Insufflations and expirations also apply if some other 
45 form of flow modulation Is selected according to alter- 
native embodiments. If the depth of modulation Is shal- 
low or zero, this means that resistance cannot be accu- 
rately detemiined. or at all, during the insufflation and 
expiration respectively covered by the loop. According 
50 to alternative embodiments, resistance can instead be 
measured with other methods that, however, are regard- 
ed as less precise. Keeping flow during Inspiration and 
expiration on a low level can compensate for the re- 
duced precision in resistance measurement 
55 [00551 According to th proferr dembodim nt, stud- 
ying loops starting at a pressure lower than th lowest 
value that can reasonably be used for PEEP, in order to 
avoid VILI in th individual patient. Is not necessary or 
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desirable. Nor is the study of loops from a plurality of 
breaths always necessary. According to one alternative 
embodiment, the computer is programmed so measure- 
ment sequences comprising one or two loops ar auto- 
maticaily run with starting values for pressure and inter- 
vals set by the operator. The results of hysteresis meas- 
urements on every occasion are compared to the desir- 
able or acceptable limits set by the operator. An alarm 
is sounded if hysteresis is excessive. The level for PEEP 
or tidai volume can also be adjusted automatically with 
limit values set by the operator. 



Claims 

1 . A method for examining the pulmonary mechanics 
of a respiratory system, characterised In that the 
method comprises at least the following procedural 
steps during an expiration: 

modulation of the flow of gas (42A) streaming 
out of the respiratory system, 
detenninatlon of the volume of gas streaming 
out of the respiratory system In relation to time, 
determination of the variation In pressure in the 
respiratory system in re!e[t(on to time and 
determination of an expiratory pressure-vol- 
ume relationship (52) from the volume/time re- 
lationsh^d and the pressure/time relationship. 

2. A method according to claim 1 , characterised by 
the following during an inspiration: 

modulation of the flow (40A) of gas streaming 
into the respiratory system, 
determination of the volume of gas streaming 
Into the respiratory system in relation to time, 
detemiination of the variation In pressure in the 
respiratory system In relation to time and 
detennfnation of an inspiratory pressure-vol- 
ume relationship (54A-54D) from the volume/ 
time relationship and the pressure/time rela- 
tionship. 

3. A method according to claim 2, characterised by 

prolongation of the duration of the expiration (50A, 
SOB) immediately preceding an inspiration (42A). 

4. A method according to claims2 or 3. characterised 
by the following additional steps: 

comparison of the inspiratory pressure-volume 
relationship (54A-54D) with the expiratory pres- 
sure-volume relationship (52) and 
detenmlnatlon of hyster sis between the rela- 
tionships. 

6. A method according to claim 4, characterised In 



that hysteresis Is established by determining the 
difference In volume (56A-56D), for given values f r 
pressure, between the inspiratory pressure-volume 
relationship (54A-54D) and the expiratory pressure- 
5 volume relationship (52). 

6. A method according to claim 4, characterised in 
that hysteresis Is determined by determining the 
pressure gradient, for given values for volume, be- 

10 tween the inspiratory pressure-volume relationship 
(54A-54D) and the expiratory pressure-volume re- 
lationship (52). 

7. A method according to any of claims 4-6. charac- 
is terlsed in that hysteresis is determined for a 

number of inspiratory and expiratory pressure-vol- 
ume relationships derived from a number of respi- 
ratory cycles with different output parameters for at 
least one of the following: positive end-expiratory 
20 pressure (PEEP), pealc inspiratory pressure (PIP) 
and tidai volume. 

8. A breathing apparatus (2) for use In examination 
and treatment of the pulmonary mechanics of res- 

25 piratory systems (4), said respiratory systems conv 
prislng a pneumatic unit (6) for regulating the flow 
and pressure of gases, a measurement sensor sys- 
tem (22A-22E, 24A-24F) for measuring pressure 
and flow, a control unit (26) connected to the pneu- 
30 nriatic unit (6) for controlling same and to the meas- 
urement sensor system (22A-22E, 24A-24F) in or- 
der to receive measurement signals from same, and 
a system of tubing (14, 16, 18) connected to the 
pneumatic unit (6) and connectable to the respira- 
35 tory section (4), characterised in that the control 
unit (26) is adapted to be able to control the pneu- 
matic unit (6) during expiration so the pneumatic 
unit (6) modulates a flow of gas from the respiratory 
system (4), and the control unit (26) is adapted to 
40 detenmlne an expiratory pressure-volume relation- 
ship from measurement signals from the measure- 
ment sensor system (22A-22E, 24A-24F). 

9. A breathing apparatus system according to claim 8. 
45 characterised in that the control unit (26) is adapt- 
ed to control the pneumatic unit (6) during inspira- 
tion so the pneumatic unit (6) modulates a flow of 
gas streaming towards the respiratory system (4), 
and the control unit (26) is adapted to detennine an 

50 inspiratory pressure-volume relationship from 
measurement signals from the measurement sen- 
sor system (22A-22E, 24A-24F). 

10. A breathing apparatus syst m according to claim 9, 
55 haracterlsed in that the control unit (26) is adapt- 
ed to compare the inspiratory pressure-volume re- 
lationship to the expiratory pressure-volume rela- 
tl nship and determine hysteresis betw en the re- 
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lationships. 

11 A breathing apparatus system according to claim 
10, characterised in that the control unit (26) is 
adapted for automatic action on at least positive 5 
end-expiratory pressure (PEEP) or tidal volume, 
depending on hysteresis. 

12 A breathing apparatus system according to any of 

' claims 8-1 1 , characterised by a user Interface (32) « 
for the display of infomiatlon and entry of parame- 
ters. 
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